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ABSTRACT: 
Background and objective: Despite of mechanical properties of glass ionomer cements, esthetic appearance still limits its use. 
Thus, the sandwich techniques used to preserve the fluoride release mechanism and the chemical bond provided by GIC and 
RMGIC. Aim of this study is to evaluate the sealing ability of glass ionomer cements (GICs) and Resin modified GIC used for 
sandwich technique and to evaluate the effect of acid etching of GIC surface on microleakage at GIC composite resin interface. 
Methodology: Twenty four square shaped cavities will be prepared on the proximal surfaces of 12 permanent human premolars 
(2 cavities per tooth), assigned to 4 groups (n=6) and restored. Group 1 – conventional GIC  will be applied onto the axial and 
cervical cavity walls, allowed setting for 5 min and37% phosphoric acid etching  along the cavity margins for 15 s, washed for 30 
s and the adhesive system was applied and light cured for 20 s, and restoration will be completed with composite light cured for 

40 s; Group 2 – same as Group 1, except for acid etching of the GIC surface;  Group 3 – same as 1, but using a resin modified 
GIC (RMGIC);  Group 4 –  same as Group 3, except for acid etching of the RMGIC surface. Samples will be immersed in 1% 
methylene blue dye at 37°C for 24 h, rinsed for 30 min, then sectioned mesiodistally through the centre of the restoration and 
restorations will be examined in an optical microscope for dye penetration. Results: Results were statistically analyzed by 
Kruskal-Wallis and chi-square tests (α=0.05). The results suggest that etching of GIC surface before the placement of resin 
composite  does not improve the sealing ability of sandwich technique restorations. Conclusion and interpretation: The 
RMGIC was more effective than GIC at the GIC-resin composite dentin interfaces. 
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INTRODUCTION 

The anti- cariogenic property and adhesion to dentin are 
the most attractive properties of glass ionomer cements. 

To improve properties of this material such as strength, 

working time, chemical dissolution, new types of GICs 

have been developed, such as light cure resin modified 

GIC (RMGIC). Despite of mechanical properties, 

esthetic appearance still limits its use1. 

 

Thus, sandwich restoration techniques used  to preserve 
the fluoride release and the chemical bond provided by 

GIC and RMGIC and  esthetics provided by composite 

restoration but microleakage has been recognized as a 

problem in restorative dentistry6. 
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MATERIALS AND METHOD 

This present study was conducted by Pg students and 

staff of Department of Conservative Dentistry and 

Endodontics, at Ahmedabad Dental College and 

Hospital, Bhadaj, Ahmedabad. 

12 human permanent premolar free from caries were 
collected from Department of Oral and Maxillofacial 

Surgery, Ahmedabad Dental College and Hospital, 

Bhadaj, Ahmedabad for the study purpose.  

Inclusion criteria include non-carious human permanent 

premolar teeth and exclusion criteria include Carious 

teeth cracks, root canal filled teeth and hypoplastic teeth  

The teeth were cleaned of calculus, soft tissue and other 

debris, and stored in normal saline at room temperature.  

Two window-like cavities (5mm×3mm×2mm) were 

prepared on mesial and distal surfaces of each tooth 

using No. 4 round diamond point at high speed.  

The 24 cavities were randomly assigned to 4 groups 
(n=6) and restored according to the sandwich technique.  
 

Group 1: Conventional Glass ionomer cement was 

applied onto the axial and cervical cavity walls, allowed 

to set for 5 min. Acid etching of GIC surface was done 

using  37% phosphoric acid for 15 s was done, then 

rinsed with water was blotted. Bonding agent was 

applied and light cured for 15 s. Completing the 

restoration with composite resin light using incremental 

technique and light cured for 40 s.  

Group 2: Same as Group 1, except for acid etching of 

the GIC surface was not done, only cavity walls were 
treated with etchant. 

Group 3: Same as group 1, but a resin modified GIC 

(RMGIC) was used instead of conventional Glass 

ionomer cement. 

Group 4: Same as Group 3, except for acid etching of 

the RMGIC surface was not done, only cavity walls 

were treated with etchant. 

 

Teeth were coated with 2 layers of nail varnish, except 

for a window area that included the restoration and 1 

mm around it. 

Then the restored teeth are soaked in 1% methylene 

blue dye solution for 24 h, then rinsed under running 

water. 

The teeth were then split into two halves using diamond 

disk with water coolant to separate mesial and distal 

surface. Then mesial and distal sectioned parts were 
again split into buccal and lingual halves to check dye 

penetration.  

Restoration were examined in an optical microscope for 

marginal sealing and leakage. 
 

The maximum degree of dye penetration was  

calculated according to the following score: 

0 = No dye penetration;  

1 = dye penetration less than one third of width of 

cavity. 

2 = dye penetration beyond the one third of width of 

cavity. 
3 = Dye penetration include the pulpal floor of the 

cavity. 

 

STATISTICAL ANALYSIS 

Results were statistically analyzed by Kruskal– Wallis 

test and Chi-square test. 

The p value is 0.0031.Which suggest the statistically 

significant difference between  acid etching effect on 

RMGIC and GIC. 

 

RESULTS 

No significant differences were found between Groups 
1 and 2 (p>0.05), and between Groups 2 and 4 (p>0.05) 

regarding dye penetration means. 

 

 

 

 

 

 

 

Table 1 : scoring of teeth in each group and mean value 

of each group. 
 

 
Graph showing mean values of dye penetration of each group. 
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DISCUSSION 

The conversion of the monomer molecules into a 

polymer network causes polymerized shrinkage. 

Polymerization shrinkage of composite during curing, 

induces stresses at the tooth restoration interface 

resulting in gap formation and marginal leakage. 
Microleakage causes staining at the margin of the 

restoration, recurrent caries, hypersensitivity of the 

restored teeth and leading to pulpal pathology.  

The use of GIC as base in conventional sandwich 

restoration reduces the bulk resin composite used, thus, 

it improves the marginal adaptation and reduces the 

polymerization shrinkage of the resin composite.  

In order to get benefit of fluoride release property of 

GIC  it is used in sandwich technique which also inhibit 

caries formation and progression around the 

restoration.20 The GIC is still considered the only 

material with self adherence to dental tissue  and it has 
been previously shown that GIC and composite resin 

can adhere effectively to each other3,6,9,11, regardless of 

the limitations concerning this system12.  

The four factors which is responsible for the bond 

strength between GIC and Composite. 1) the tensile 

strength of GIC  2) the viscosity  and its ability to wet 

the GIC’s surface of bonding agent. 3) The volumetric 

change is seen during polymerization 4) the difficulties 

in adaptation of the composite resin to the GIC 12.  

The acid etching of GIC would allow a rough surface 

with high surface energy11. This procedure causes a 
greater interlocked interface between GIC and 

composite resin 6,9.  

In spite of these considerations, the results of the 

present study indicate that acid etching of GIC and 

RMGIC surfaces did not improve the sealing ability of 

sandwich restorations. Between GIC and RMGIC 

,RMGIC showed significantly less dye penetration. 

No significant differences were found between the 

surface treatments (Etching and without etching) on 

same material. The type of GIC selected, significantly 

affect the outcome of procedure then acid etching of 

GIC surface.  
Conventional GICs fails to produce an effective seal 

because: 1) sensitivity to moisture during placement 

and 2) the dehydration which resulting in crazing and 

cracking 2,10.  

Because of improved mechanical properties and 

chemical composition of RMGIC it provides better 

sealing compare to GIC. In RMGIC  there is also 

formation of resin tags into the dentinal tubules allied to 

the ion. There are no study which shows the presence of 

these resin tags17,18, which is  the reason for the superior 

performance of the RMGIC. 
 In the RMGIC they contain HEMA which helps in the 

increased bond strengths. and should contribute to 

prevent dye penetration through the interface of GIC 

and RMGIC, as shown in this the present study. 

CONCLUSION 

Within the limitations of this present in vitro study, it 

shows that etching of GIC before the placement of 

composite resin does not affect the sealing ability of 

sandwich restoration. The RMGIC is significantly 

resistance to dye penetration at the GIC-composite 
resin-dentin interphase than the conventional GIC. 

Further, In vivo long term follow up studies are 

mandatory to evaluate the better effect of acid etching 

of glass ionomer cement surface on the microleakage of 

sandwich restorations. 
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